
Residential Proximity to Environmental Hazards and
Adverse Health Outcomes

How living near environ-

mental hazards contributes

to poorer health and dispro-

portionate health outcomes

is an ongoing concern. We

conducted a substantive re-

view and critique of the liter-

ature regarding residential

proximity to environmental

hazards and adverse preg-

nancy outcomes, childhood

cancer, cardiovascular and

respiratory illnesses, end-

stage renal disease, and di-

abetes.

Several studies have

found that living near haz-

ardous wastes sites, indus-

trial sites, cropland with

pesticide applications, highly

trafficked roads, nuclear

power plants, and gas sta-

tions or repair shops is re-

lated to an increased risk of

adverse health outcomes.

Government agencies

should consider these find-

ings in establishing rules

and permitting and enforce-

ment procedures to reduce

pollution from environ-

mentally burdensome fa-

cilities and land uses. (Am J

Public Health. 2011;101:

S37–S52.doi:10.2105/AJPH.

2011.300183)
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CONCERNS ABOUT HEALTH

and environmental hazards tran-
scend the academic, scientific, and
regulatory worlds; they are also of
compelling interest to the public,
who often recognizes a relation-
ship between environmental haz-
ards and health. In a 1999 na-
tional telephone survey among US
voters,1 74% of respondents
thought that environmental fac-
tors had an important impact on
childhood cancer, and 73%
thought these factors had an im-
pact on birth defects. More than
50% of respondents felt that air
pollution, contaminated drinking
water, and toxic waste had a great
deal of impact on a person’s
health. These concerns often
resulted in public perceptions of
disease clusters near hazardous
waste sites, industrial facilities, and
other potential sources of chem-
ical releases. With the advent of
geographic information systems,
environmental scientists and pub-
lic health researchers have been
able to address these concerns
more comprehensively and objec-
tively with the use of various
proximity analyses.

We undertook a systematic re-
view of 94 studies that examined
residential proximity to environ-
mental hazards in relation to ad-
verse reproductive outcomes,
childhood cancer, respiratory and
cardiovascular conditions, or
other adverse health outcomes. In
our review, unlike in previously
published reviews, we focused on
a wide range of health outcomes
in relation to residential proximity
to multiple environmental haz-
ards and identified each study’s

limitations. If the evidence indi-
cates that residential proximity is
associated with poorer health
outcomes, regulatory agencies
may need to factor in nearby
populations when siting industrial
facilities, municipal waste sites,
incinerators, and other potential
sources of emissions.

APPROACH

We identified studies of envi-
ronmental proximity analyses in
relation to health through the
National Library of Medicine’s
PubMed, using search terms that
combined proximity to and ad-
verse pregnancy outcomes (birth
defects, fetal death, low birth
weight, preterm birth, and spon-
taneous abortion), childhood can-
cer, cardiovascular and respira-
tory illnesses, end-stage renal
disease, and diabetes. We also
identified additional relevant
studies in these studies’ bibliogra-
phies. With respect to cancer, we
focused our review primarily on
childhood cancers. Given the rel-
atively long induction and latent
period of solid tumors in adults,
studies would need to include
residential histories for as many as
15 to 30 years before a cancer
diagnosis to capture pertinent en-
vironmental exposures. Although
several recently published studies
have included extensive residen-
tial histories,2---4 such studies are
scarce. Even though various re-
spiratory and cardiovascular con-
ditions may originate many years
before manifestation of overt dis-
ease, environmental exposures
to pollutants could have acute

effects, for example, precipitating
asthma attacks or myocardial in-
farction in susceptible individuals.

We summarized information
from each study regarding target
populations, type of study design
used, health outcomes included,
methods of proximity analyses
and exposure assessment, major
findings, and limitations. We also
examined study results for evi-
dence of racial or economic dis-
parities in health outcomes in re-
lation to residential proximity. In
addition to discussing overall
findings, we summarized the con-
clusions of studies that had mini-
mal limitations with respect to
exposure assessment and out-
come.

A wide variety of methods were
used in the reviewed studies to
examine the relation between
proximity to potential environ-
mental hazards and adverse
health outcomes, including spatial
coincidence analyses (e.g., resi-
dence in a zip code with ‡1 haz-
ardous waste sites), distance-based
analyses (e.g., residence £1 mile
of industrial facilities as defined
by a 1-mile buffer), and pollution
plume modeling (i.e., the disper-
sion footprint of the pollutant as
a proxy for exposure). The most
frequently used method was dis-
tance-based analysis.

ADVERSE PREGNANCY
OUTCOMES

We reviewed 49 studies that
examined the relation between
residential proximity to 1 or more
potential environmental hazards
and adverse pregnancy outcomes.
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Few studies specifically examined
health impacts in relation to race
or socioeconomic status (Table 1).
Those studies that did had mixed
conclusions regarding health im-
pacts on specific racial or income
groups. In a study of maternal
residential proximity to hazardous
waste sites and chromosomal
anomalies, increased risk of Kli-
nefelter variants was confined to
births to Hispanic women.6 In the
same study population, however,
neural tube defects were associ-
ated with residential proximity
within 1 mile of an industrial fa-
cility only among non-Hispanic
White women.10 Among the vari-
ous ethnic and racial groups stud-
ied, Orr et al.8 noted the strongest
associations between maternal
residence in a census tract with 1
or more National Priorities List
hazardous waste sites and birth
defects among American Indians
and Alaska Natives. In Israel,
Bedouin populations showed in-
creased risk of major congenital
malformations and perinatal mor-
tality with residential proximity to
an industrial park, but Jewish
populations showed no increased
risk.5,9 In a Canadian population,
risks for preterm and low birth
weight births in relation to mater-
nal residential proximity to high-
ways were strongest among highly
educated women and women who
lived in wealthy neighborhoods.7

We summarize the findings of
studies, including limitations, that
examined the relation between
residential proximity to various
environmental hazards and ad-
verse pregnancy outcomes in a
supplemental table (available as
a supplement to the online version
of this article at http://www.ajph.
org). In several studies, investi-
gators noted positive associa-
tions between maternal residence
near waste sites and central ner-
vous system defects,8,11---14 heart

defects,12,13,15---19 surgical correction
of gastroschisis and exomphalos,20

hypospadias and epispadias,19

and chromosomal anomalies in
offspring.6,8,11,21

Fewer studies explored the re-
lation between maternal residen-
tial proximity to waste sites and
adverse pregnancy outcomes
other than congenital malforma-
tions. Most of these studies
reported minimal or no associa-
tion except between maternal res-
idential proximity to pesticide-
contaminated waste sites and fetal
deaths,22 polychlorinated biphe-
nyl (PCB)---contaminated sites and
low birth weight among male
births,23 municipal solid waste
landfills and low birth weight or
small-for-gestational-age births,24

and any hazardous waste site and
low and very low birth weight.20

In Europe and Japan, preg-
nancy outcomes were examined in
relation to maternal residential
proximity to incinerators or cre-
matoriums. Studies noted associa-
tions between these residential
characteristics and risk of neural
tube defects,25 heart defects,25

oral clefts,26 renal dysplasia,26

stillbirths,25 and infant deaths.27

However, Tango et al.27 found no
higher rate of deaths resulting
from congenital malformations
among births to mothers who
lived near municipal solid waste
incinerators in Japan.

In several populations, maternal
residential proximity to industrial
complexes was associated with in-
creased risk of adverse pregnancy
outcomes, including central ner-
vous system defects,5,10,28 oral
clefts,29 chromosomal anomalies,6

undescended testis,30 perinatal
mortality,9 and low birth weight.31

Vinceti et al.32 noted that women
living in an industrial area con-
taminated with lead were more
likely to give birth to babies with
cardiovascular, musculoskeletal,

and oral cleft defects than were
women living away from this area.

Increased risks for low birth
weight and preterm births were
noted among offspring of mothers
who resided near highways7 and
in areas with high traffic den-
sity,33 although no statistically
increased risk was noted for fetal
and early neonatal deaths with
this maternal residential charac-
teristic.34

Mothers living near cornfields
at delivery were more likely to
give birth to babies with limb
malformations,35 an association
that might be attributed to expo-
sure to pesticides used on this
crop. Rull et al.36 noted elevated
risks for neural tube defects
among offspring of women who
lived within 1000 meters of ap-
plications of pesticides classified as
amides, benzimidazole, methyl
carbamate, organophosphates,
benomyl, or methomyl. Bell
et al.37 found elevated risk of fetal
deaths from congenital malforma-
tions if mothers lived near areas of
pesticide application.

We expected that studies that
measured actual distances be-
tween the environmental hazard
of interest and individual maternal
residential addresses would have
less exposure misclassification.
With respect to congenital mal-
formations, we considered studies
that included fetal deaths or ter-
minations as well as live births and
that examined specific defects in-
stead of all malformations com-
bined as having stronger designs.
Eleven of the studies on congenital
malformations6,10,12,13,18,21,29,30,35,38

and 6 of the studies on other adverse
reproductive outcomes7,22,33,34,37,39

met these criteria. In several of
these studies, adverse repro-
ductive outcomes were associ-
ated with maternal proximity to
waste sites,6,12,13,18,21, industrial
sites,6,10,29,30,37 areas with pesticide

applications,35,36,37 roadways,7

and dense traffic.33

CHILDHOOD CANCER

Most published studies of
childhood cancer and residential
proximity to potential environ-
mental hazards focused on leuke-
mia, brain cancer, or all childhood
cancers combined. We list the
characteristics, findings, and study
limitations of the 25 studies re-
viewed in Table 2.

Residential proximity to road-
ways and other indices of in-
creased exposure to traffic-related
pollution were associated with in-
creased risk of childhood leuke-
mia in a number of European
studies43,44 but were not noted
in several US study popula-
tions50,54,55,62 or in a Danish
population.52 Crosignani et al.43

estimated traffic-related benzene
emissions by means of a Gaussian
diffusion model and observed an
odds ratio (OR) of 3.91 (95%
confidence interval [CI] =1.36,
11.27) for childhood leukemia
with benzene concentrations
higher than 10 micrograms per
cubic meter. Residential proximity
to roadways or traffic emissions
was also associated with Hodgkin’s
lymphoma in Danish children.52

Risk of childhood cancer was
examined in relation to residential
proximity to cropland and pesti-
cide applications in US popula-
tions in California53,56,57 and
Texas.41 A birth address within
1000 meters of cropland showed
some association with germ-cell
tumors, non-Hodgkin’s lym-
phoma, and Burkitt lymphoma,
although the elevated ORs were
based on a small number of
cases.41 Using an exposure metric
that consisted of residential prox-
imity within 0.5 mile of pesticide
applications (pounds per square
mile), Reynolds et al.56 noted
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TABLE 1—Studies of Residential Proximity to Environmental Hazards and Adverse Pregnancy Outcomes With Reported Disparities

by Race and Ethnicity or Socioeconomic Status

First Author, Year, and Country Population Pregnancy Outcomes Disparities Examined Environmental Hazard and Disparities

Bentov, 2006,5

Israel

Beer-Sheva

subdistrict,

1995–2000

Major congenital malformations

combined and

subcategorized

into major congenital

anomalies of central

nervous system,

chromosomal anomalies,

and other major congenital

malformations

Jewish populations

(urban, urban satellite,

and agricultural localities);

Bedouin population

(permanent localities

and traditional tribal

settlements)

Residential proximity to a

regional industrial park

was associated with

increased rates of major

congenital anomalies among

the Bedouin population

but not among the Jewish

population.

Brender, 2008,6

Texas

Live births and

fetal deaths,

1996–2000

Chromosomal anomalies

combined and

categorized into

9 categories

Race or ethnicity (non-Hispanic

White, Hispanic,

African American, other)

Hispanic women who lived near hazardous

waste sites were 7.9 times as likely

(95% CI = 1.1, 42.4) to have offspring

with Klinefelter variants.

Genereux, 2007,7 Canada All live singleton

births, Montreal,

1997–2001

Preterm birth, low birth

weight, and SGA birth

Maternal education ( < 11 y, 11 y,

12–13 y, > 13 y); census

tracts ranked into quintiles

according to neighborhood

poverty level

Proximity to highways associated with

OR = 1.58 for preterm birth, OR = 1.81

for low birth weight, and OR = 1.32 for

SGA births among women living in the

most wealthy neighborhoods but not

associated with these outcomes in less

wealthy or poor areas; this residential

characteristic was associated with

preterm birth and low birth weight births

in the most highly educated women but

not in the less educated women.

Orr, 2002,8

California

Live births and

fetal deaths,

1983–1988

All congenital malformations

combined and

subcategorized into

9 defects or defect groups

Race and ethnicity (Hispanic or

Latino, Black or African American,

American Indian or Alaska

Native, Asian and Pacific Islander)

Although the numbers of exposed cases

and controls were small, the strongest

association noted among American

Indians and Alaska Natives was

between a maternal residence in a

census tract with 1 or more National

Priority List hazardous waste sites and

birth defects.

Sarov, 2008,9

Israel

Beersheba subdistrict,

1995–2000

Perinatal mortality (fetal deaths,

intrapartum death, and

postpartum death within

28 d after delivery)

Stratified by ethnicity (Jews and

Bedouins) and by type of locality

Residential proximity to an industrial

park was associated with increased

rates of perinatal mortality among

Bedouins but not among Jews.

Suarez, 2007,10

Texas

Live births and

fetal deaths,

1996–2000

Neural tube defects Ethnicity (non-Hispanic

White, Hispanic)

Maternal residential proximity (< 1 mi) to 1

or more TRI industrial facilities

associated with neural tube defects in

births to White, non-Hispanic mothers

(OR = 1.8; 95% CI = 1.1, 2.8)

but not with births to Hispanic

mothers (OR = 1.1; 95% CI = 0.8, 1.4)

Note. CI = confidence interval; OR = odds ratio; SGA = small for gestational age; TRI = Toxic Release Inventory.
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slightly elevated ORs for leukemia
with birth addresses near applica-
tion of pesticides that were prob-
able or possible carcinogens and
nearby applications of organo-
chlorine or organophosphate pes-
ticides. Risk of acute lymphoblas-
tic leukemia was elevated in
children who lived within 0.5 mile
(lifetime residences) of applica-
tions of organophosphates, chlori-
nated phenols, and triazines and
pesticides classified as insecticides
or fumigants57; acute lympho-
blastic leukemia risk was associ-
ated with moderate but not high
exposures.

Risk of childhood cancer was
examined in relation to residential
proximity to other sources of con-
taminants, including industries
reporting under the US Toxic Re-
lease Inventory, petrochemical
plants, gas stations, repair garages,
nuclear power plants, and landfill
sites and hazardous waste sites.
Increased risk of childhood leuke-
mia was found with residential
addresses near gas stations,44,60,63

repair garages,60 and nuclear
power plants.46,59 Children whose
mothers lived near industries
covered under the Toxic Release
Inventory during pregnancy were
more likely to have brain cancer,
especially if the mother lived
within 1 mile of a facility with
carcinogen emissions.42

We considered studies that ex-
amined incident cases of child-
hood cancer in relation to actual
measured distances between 1 or
more residences documented be-
fore diagnosis and the environ-
mental hazard of interest to be less
subject to exposure misclassifica-
tion and selection bias. Of the
reviewed studies, 10 met these
criteria.41,42,50,52,55---57,61,62,64 Res-
idential addresses near cropland,41

pesticide application,56,57 and in-
dustries42,61 and their associated
emissions64 were associated with

childhood cancer in several of
these studies.

CARDIOVASCULAR,
RESPIRATORY, AND
OTHER DISEASES

We conducted a comprehen-
sive review of the literature to
examine the relation between
residential proximity to a wide
range of environmental hazards
and cardiovascular and respira-
tory disease, PCB toxicity, end-
stage renal disease, diabetes, and
adult cancers such as leukemia
and non-Hodgkin’s lymphoma.
Online Supplemental Table 2
(available as a supplement to the
online version of this article at
http://www.ajph.org) summarizes
the 20 research studies reviewed
in this section, including limita-
tions.

The results of 12 studies on
respiratory illness suggested that
residential proximity to both sta-
tionary sources of air pollution
(industries covered under the
Toxic Release Inventory, National
Emission Inventory, hazardous air
pollutants, petroleum refineries,
etc.), and, with a few exceptions,
heavily trafficked roads, was sig-
nificantly associated with asthma
hospitalizations.65---69 An example
is the case-crossover study by
Smargiassi et al.,69 which exam-
ined the effects of residential
proximity to point-source air pol-
lution on asthma among children.
They collected asthma hospitali-
zation data for children aged 2 to
4 years and calculated the risk of
asthma episodes for residential
postal codes for the east end of
Montreal Island. Exposure was
estimated using the American
Meteorological Society---Environ-
mental Protection Agency Regu-
latory Model, an air dispersion
model, and sulfur dioxide emis-
sions data from 2 petroleum

refineries and other point sources
measured via 2 fixed air-monitor-
ing sites. The model computed
estimations of daily sulfur dioxide
exposure at the centroid of each
postal code as well as average
hourly predictions and daily peaks.
Smargiassi et al.69 used logistic
regression to evaluate sulfur
dioxide exposure in relation to
asthma hospitalization days versus
control days using a time-stratified
approach. Results revealed that
short-term increases in sulfur di-
oxide were significantly associated
with a higher number of asthma-
related emergency department
visits and hospital admissions in
children residing near refineries.

In addition, several studies
found that exposure to mobile
sources of air pollution through
residential proximity to major
roadways increased the occur-
rence of chronic respiratory
symptoms by exacerbating asthma
or increasing self-reported chronic
respiratory symptoms such as
wheezing, pulmonary function, at-
tacks, and the use of respiratory
medicine.70---73 Three other stud-
ies did not find a significant re-
lationship between proximity to
roads and asthma hospitalizations
among children,74---76 although
English et al.74 reported that the
odds of residing in high traffic-flow
areas were significantly higher
for children experiencing more
than 1 asthma hospitalization per
year than for children having only
1 incident. Three studies on car-
diovascular disease65,77,78 also
suggested a significant association
between residential exposure to
combined sources of air pollution
and stroke mortality. For instance,
Hu et al.77 determined the ob-
served and expected stroke mor-
tality at the census tract---level for
counties in northwest Florida.
Air pollution was characterized
by the presence of Toxic Release

Inventory sites and other stationary
sources of air pollution (i.e., dry
cleaners, sewage treatment plants,
solid waste disposal, and Super-
fund sites), and roads with high
average vehicle traffic counts. Us-
ing location, Hu et al. calculated
air pollution density surfaces for
point sources and traffic and used
hierarchical logistic regression.
The mean age-adjusted stroke rate
in the study areas was more than 8
times the expected rate, and cen-
sus tracts with high levels of air
pollution had significantly ele-
vated risks of stroke mortality.
Maheswaran and Elliott78 also
looked at relationship between
stroke mortality and residential
proximity to main roads at the
census enumeration district level
in England and Wales. They
evaluated mobile sources of air
pollution by using road network
data that characterized exposure
as distance categories from the
centroid of each census enumera-
tion district to the nearest main
road. Logistic regression control-
ling for age, gender, socioeco-
nomic deprivation, and urbaniza-
tion determined the associations
between stroke mortality and dis-
tance categories. Census enumer-
ation districts with distances of less
than 200 meters to main roads
had significantly higher stroke
mortality rates than those with
distances of more than 1000 me-
ters. This association held when
stratified by gender, and Mahes-
waran and Elliott determined
a significant dose---response rela-
tionship for distance categories.
Three studies using geographic
information science examined the
impact of residing near hazardous
wastes sites, although the health
outcomes of interest were differ-
ent: cord blood PCB level, end-
stage renal disease, and diabetes.
Kouznetsova et al.79 conducted an
ecological study to determine
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whether exposure to persistent
organic pollutants (POPs) found
near hazardous waste sites was
associated with diabetes risk in
New York. They used state hospi-
talization data to calculate diabetes
hospitalization rates in patients aged
25 to 74 years by zip code, con-
trolling for age, gender, race, in-
come, and urban or rural popula-
tion density. Hazardous waste sites
were grouped into exposure cate-
gories by zip code: POP sites (di-
oxins and furans, PCBs, persistent
pesticides), non-POP sites (volatile
organics and metals, etc.), and clean
sites. They found significantly
higher diabetes hospitalization rates
in POP zip codes versus both clean
and non-POP sites. With stratifica-
tion, the rate ratios were highest for
Blacks and older age groups.

Some evidence has linked resi-
dential proximity to hazardous
waste sites and adverse health
impacts,79---81 but the dearth of
literature makes cross-study com-
parisons difficult. Although expo-
sure to hazardous waste sites may
be associated with outcomes such
as PCB toxicity, end-stage renal
disease, and diabetes, more re-
search is needed.

We reviewed three studies us-
ing geographic information sci-
ence to explore the relationship
between environmental burdens
and adult cancer. The environ-
mental exposures of interest in
these studies included air pollution
from industrial plants and a nu-
clear facility’s radioactive emis-
sions; the findings were mixed.
Leukemia was significantly associ-
ated with proximity to the Pilgrim
nuclear power plant among
women,82 and the odds of leuke-
mia increased with proximity to
the plant. Wilkinson et al.83 cal-
culated the observed and expected
cancer incidence and death rates
for electoral wards using a dis-
tance decline model around the
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pesticide- and fertilizer-producing
Pan Britannica Industries Plant.
Although they found significant
differences between observed and
expected rates of cancer incidence
and mortality for distances from
0 to 1 kilometers and 0 to 7.5
kilometers around the plant, evi-
dence of a dose---response rela-
tionship was mixed, and the rate
ratios were within the range for the
region, although the observed in-
cidence of melanoma and cancers
of the lung, pancreas, and stomach
was significantly higher than ex-
pected values. Another study84

found significant associations be-
tween other industrial plants and
some cancers; for instance, non-
Hodgkin’s lymphoma was signifi-
cantly associated with proximity
to a copper smelter and sulfite
pulp mill.

Similar to the hazardous waste
site studies, studies assessing can-
cer risk from exposure to various
environmental hazards suffered
from comparability problems.
Residential proximity to certain
industrial plants appears to be
linked to cancer risk, although the
significance of the results depends
on the specific type of plant, pop-
ulation subgroup, and cancer
types.

We would expect studies that
measured the distance between
the environmental hazard of in-
terest and individual residential
addresses to have fewer exposure
misclassifications and therefore
stronger designs. Of the 20 studies
we considered, 11 met that cri-
terion.65---68,70,71,74,80---82,84 In 9
of these 11 studies, residential
proximity to roads66,70,74; to
cokeworks, copper smelters, refin-
eries, nuclear power plants, or other
stationary point sources of air pollu-
tion65,67,68,82,84; or to hazardous
waste sites81 were associated with
asthma, respiratory illnesses, heart
disease, non-Hodgkin’s lymphoma,

end-stage renal disease, or adult
leukemia.

LIMITATIONS OF
EVIDENCE

Without exception, the studies
included in this review had 1 or
more limitations that should be
considered in the interpretation of
results and implications for envi-
ronmental and public health. Sev-
eral studies used an ecological
approach in which the investiga-
tors compared rates of adverse
health outcomes with census-de-
fined or administrative boundaries
(e.g., zip code) as a proxy for
residential location when individ-
ual addresses were unknown. This
approach, in which exposure is
assigned on the basis of whether
a specific environmental hazard is
present within a particular unit of
aggregation85 (called a container
approach or spatial coincidence
analysis), implies that all residents
within a particular boundary are
equally affected by the hazard of
interest without accurate assess-
ment of individual exposure.85 For
example, a case participant may
live next to a particular hazard of
interest, but if the hazard is located
outside the researcher’s unit of
analysis (e.g., zip code), then that
case participant would not be de-
fined as exposed. Such a design
can lead to an ecological bias in
which associations at an aggregate
level do not represent exposures at
the individual level among people
with and without adverse health
outcomes.86 In general, the larger
the unit of spatial aggregation is,
the more likely it is that bias will
be introduced as a result of het-
erogeneity across and within these
units,85 and ecological fallacy may
result.

Distance-based methods greatly
improve on this approach by
measuring the actual distance

between residential addresses and
environmental hazards. However,
residential exposure to site con-
taminants, industrial emissions,
traffic emissions, and pesticide
applications will also vary by the
climatic and topographic charac-
teristics of the geographic area.
The distance-based studies we
reviewed rarely considered these
conditions; the exceptions were
those by Crosignani et al.,43

Goldberg et al.,24 Maantay et al.,68

Raaschou-Nielsen et al.,52 Vinceti
et al.,38,87 Wilhem and Ritz,33 and
Yu et al.64 Residential proximity to
environmental hazards can only
serve as a crude proxy for expo-
sure and does not accurately rep-
resent individual exposure to am-
bient conditions or body or target
organ dose. However, pollution
plume modeling, a method that
combines data on chemical emis-
sions and local meteorological con-
ditions to model the environmental
fate and dispersion of pollut-
ants, can more accurately pre-
dict exposures in the ambient
environment.

With respect to residential
proximity and adverse pregnancy
outcomes, many studies used ma-
ternal address at delivery to assign
exposure rather than address
around conception and during the
first trimester. Although address
at delivery might be relevant for
some adverse pregnancy out-
comes, it can be problematic for
assigning exposure in studies of
chromosomal and nonchromo-
somal congenital malformations,
for which the time around
conception and earlier or in the
first trimester of pregnancy are,
respectively, the most relevant.
The estimated percentage of
women who change addresses be-
tween the time of conception and
delivery has ranged between 12%
and 33% depending on the ma-
ternal population examined.88---91

Childhood cancer studies fre-
quently based exposure assign-
ment on 1 address such as address
at birth, diagnosis, or death, which
potentially introduced exposure
misclassification by not accounting
for residential mobility. In a Cali-
fornia study of childhood leuke-
mia,92 65.8% of the study chil-
dren moved between birth and
date of diagnosis, with more than
one third of those who moved
living in at least 1 residence out-
side of the county of birth.

Residual confounding can also
be an issue; information regarding
factors that are related to both
exposure and outcome are mea-
sured imprecisely or are not
available. Residential addresses of
mothers, children, and adults are
not randomly distributed; rather,
they depend on several factors
such as socioeconomic status, pa-
rental occupation, and race or
ethnicity. These same factors may
also increase or decrease the like-
lihood of living near potential en-
vironmental hazards. For instance,
race and ethnicity,93---95 maternal
education,95 and maternal occu-
pation96 have been associated with
maternal residential proximity to
sources of pollution. These factors
are also risk factors for several
adverse pregnancy outcomes.

CONCLUSIONS AND
RECOMMENDATIONS

Research using geographic in-
formation science and other geo-
spatial techniques to explore the
public health burdens of residential
proximity to environmental haz-
ards is in its infancy. We investi-
gated the associations between
only a few environmental expo-
sures and health outcomes, and
our review is not by any means
meant to be considered exhaus-
tive. In addition, differences in
study design and methodology
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may result in a lack of consistency
across studies. Although their re-
sults are mixed, many studies
found significant relationships be-
tween residential proximity to en-
vironmental hazards and adverse
health outcomes, such as adverse
pregnancy outcomes (including
increased risks for central nervous
system defects, congenital heart
defects, oral clefts, renal dysplasia,
limb malformations, chromosomal
anomalies, preterm births, low
birth weight, small-for-gestational-
age births, fetal deaths, and infant
deaths), childhood cancers (in-
cluding leukemia, brain cancer,
germ-cell tumors, non-Hodgkin’s
lymphoma, and Burkitt lym-
phoma), asthma hospitalizations
and chronic respiratory symp-
toms, stroke mortality, PCB toxic-
ity, end-stage renal disease, and
diabetes. Although populations
living close to environmental haz-
ards appear more likely to have
adverse health outcomes, proxim-
ity does not necessarily equate to
individual-level exposure. Few
studies have examined whether
such exposures are more or less
likely to increase risk of adverse
health outcomes among minority
and lower-income populations.
This dearth of studies is possibly
the result of a limitation of the
available health data, which often
do not accurately or completely
report race and ethnicity for the
health outcome cases.

Given these conclusions, which
are based on previous evidence of
disparities by race and income in
relation to proximity to environ-
mental hazards,97---100 the adverse
health outcomes for populations in
close proximity to environmental
hazards, and acknowledgment of
the health disparities experienced
in general by communities of color
and lower-income communities,
we suggest that government
agencies consider these findings in

siting of environmentally burden-
some facilities and land uses, in
regulatory and enforcement ef-
forts concerning pollution, and in
the active promotion of environ-
mental health justice and envi-
ronmental health protection.

The evidence at this time is
sufficient to justify the application
of the precautionary principle to
protect people from the deleteri-
ous effects of living near environ-
mental hazards. Even in the ab-
sence of complete scientific proof,
enough evidence of potential
harm being done exists to justify
taking steps to rectify the problem
and to protect the public from
potentially harmful exposures
when all available evidence points
to plausible risk. Although eco-
nomic and political forces will
likely require stringent proof that
specific recommendations (e.g.,
establishment of protective buffer
zones around noxious land uses)
will be effective, some practical
applications should be obvious.
For example, prohibiting the siting
of schools near highways and be-
ing cognizant of pesticide drift
when planning residential locations
or other sensitive land uses, fall into
the category of commonsense
guidelines and constitute ap-
proaches that would be difficult to
argue against.
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